This study was aim to determined the levels of some heavy metals in the gills, liver, stomach, kidney, bones and flesh of four fish species (Tilapia zilli, Clarias anguillaris, Synodentis budgetti and Oreochronmis niloticus) collected at River Benue in Vinikilang, Adamawa State, Nigeria for analysis of Cu, Zn, Co, Mn, Fe, Cr, Cd, Ni and Pb. These metals were chosen because at higher concentrations there might be toxic to the fish and by extension humans that depends on such fish as food. The concentrations of the metals were carried out using Flame Atomic Absorption Spectrophotometer (AAS, Unicam 969). Large differences in trace metal concentrations were observed between different tissues within each fish. The highest concentration of Fe (12.65 µg/g) was recorded in gill of Synodentis budgetti, while the lowest value of 0.68 µg/g was recorded in the flesh of Oreochronmis niloticus. The liver of Synodentis budgetti accumulates significant higher levels of Mn and Cd than other species; Fe and Zn was highest in the stomach of Tilapia zilli, while Clarias angullaris shows more of Cr, Pb, Cd and Co. The stomach of Synodentis budgetti accumulate significant higher levels of Fe than other species; Zn was highest in the stomach of Tilapia zilli, while Clarias angullaris shows more of Mn, Cr, Cu, Cd and Pb. Similarly, the bone of Synodentis budgetti accumulates significant higher levels of Mn and Cd than other species; Zn and Fe were highest in the bone of Tilapia zilli, while Clarias angullaris shows more of Cr, Pb, Ni, and Co. The highest levels of Fe (12.65 µg/g) observed in this study was recorded in the gill of Synodentis budgetti and it was below the high residue concentrations of Fe (34 -107 ppm) in fish samples. Based on the above results, it can therefore be concluded that metals bioaccumulation in the entire fish species study did not exceeds the permissible limits set for heavy metals by FAO, FEPA and WHO.
Introduction
The bioaccumulation of heavy metals in living organisms and biomagnifications describes the processes and pathways of pollutants from one trophic level to another. Various species fish are mostly used as bio-indicators of heavy metals contamination [1] . The acidic conditions of aquatic environment might cause free divalent ions of many heavy metals to be absorbed by fish gills [2] . The concentrations of heavy metals in organs of fish show that the aquatic environment is polluted [3] . Heavy meals concentrations in the aquatic organism depict the past as well as the current pollution load in the environment in which the organism lives [4] .
Pollution of the aquatic environment by inorganic chemicals has been considered a major threat to the aquatic organisms including fishes. The agricultural drainage water containing pesticides and fertilizers and effluents of industrial activities and runoffs in addition to sewage effluents supply the water bodies and sediment with huge quantities of inorganic anions and heavy metals [5] . Heavy metal can be incorporated into food chains and absorbed by aquatic organisms to a level that might affects their physiological state. Of the effective pollutants are the heavy metals which have drastic environmental impact on all organisms. Trace metals such as Zn, Cu and Fe play a biochemical role in the life processes of all aquatic plants and animals; therefore, they are essential in the aquatic environment in trace amounts. The results of many field studies of metal accumulation in fish living in polluted waters show that considerable amounts of various metals may be deposited in fish tissues without causing mortality. Various metals are accumulated in fish body in different amounts. These differences result from different affinity of metals to fish tissues, different uptake, deposition and excretion rates. Metals in natural waters occur in particulate or soluble form. Soluble species include labile and non-labile fractions. The labile metal compounds are the most dangerous to fish. They include various ionic forms of different to fish. Many data show that the amounts of metals in the labile fraction, and the share of various metal ions strongly depend on environmental conditions. Water temperature may cause the differences in metal deposition in various organs. Higher temperatures promote accumulation of cadmium especially in the most burdened organs: kidneys and liver [6] . Increased accumulation of metals by fish at higher temperatures probably results from higher metabolic rate, including higher rate of metal uptake and binding. Many data indicate that water acidification directly affects metal accumulation rates by the fish. Comparison of the data concerning metal levels in fish from various lakes indicates that the concentrations of cadmium and lead, but not zinc, are considerably higher in the fish from acidified lakes [7] [8] [9] [10] . Accumulation of copper is also higher at lower pH [11] . Water hardness (mainly calcium concentration) considerably affects uptake of metals across the gill epithelium. According to [12] , enrichment of water with calcium reduced copper accumulation in the gills. [13] reported that elevated dietary Ca 2+ protected against both, dietary and waterborne Cd uptake. The results obtained by [14] indicate that calcium reduces zinc uptake by Oncorhynchus mykiss. Various species of fish from the same water body may accumulate different amounts of metals. Interspecies differences in metal accumulation may be related to living and feeding habits. [15] observed that predatory fish species accumulated more mercury but the benthivores contained more cadmium and zinc. Higher concentrations of mercury in the predatory fishes comparing to the non-predatory ones was also reported by [16] . [17] found that lead and zinc concentrations were higher in benthic fish. The results obtained by [18] indicate that predators accumulated more zinc and nickel than benthivores, while the latter contained more cadmium.
Fishes are most important organisms in the aquatic food chain, which are sensitive to heavy metals contamination. Most of the freshwater fishes are confined to specific microhabitat within inter connected river/stream system. If such system becomes contaminated by heavy metals, fish species either shift to less polluted segment of river/stream system or die off which ultimately disturb the food chains [19] . High level of heavy metals has apparent lethal and chronic effects on fishes [20] . Thus, fish not only indicates the pollution status of aquatic ecosystem but have significant impact on the food web [21] . It is one of the main sources of protein-enriched food all over the world [22] . Consumption of contaminated fish with heavy metals can result hazardous effects on human health [23] . Various pathways of metal accumulation in fish include such as ingestion of food, suspended particulate matter, metal ion exchange through gills and skin [24] . [24] also identified five routes through which heavy metals enter into fish viz; food, suspended particle, gills, intake of water and integuments. From these pathways, metals get absorbed into blood and transported to various organs for either storage or excretion. Level of trace metals in different organs of fish is used as an index of metal pollution in an ecosystem, which is considered as an important tool to highlight the role of elevated level of metals in aquatic organisms [25] . Concentration of heavy metals in different tissues/organs of fishes is directly influenced by contamination in aquatic environment, uptake, regulation and elimination inside the fish body [24] . Liver stores either heavy metals or excretes through bile. Other routes of heavy metal regulation are either kidneys or gills [24] . Accumulation of metals in various organs and tissues depends upon the way of exposure such as through diet or their elevated level in surrounding environment [24, 26] . Morphological and behavioural abnormalities such as alteration in sensory reception, reduced responses to normal olfactory function (feeding, mating, selection or homing), reduction in swimming performance, gills purge, ventilation, coughs, learning impairment, loss of equilibrium that lapsed into paralysis, loss of reproductive efficiency and irregular metamorphosis appeared as symptom of toxic exposure of trace metals [22] . Concentration of metals becomes toxic to the fish when its level exceeds the permissible level [22] .This threshold limit not only varies from metal to metal but also from one species to another [22] . Toxic effects of metals become more pronounced when various metabolic activities inside organism body fail to detoxify [24] . Heavy metals exhibit different accumulation pattern in organs [24] . Gills, liver and kidneys accumulate heavy metals in higher concentration in comparison to muscles, which exhibit lowest levels of metals accumulation [27] . Among different organs, liver accumulates higher concentrations of metals comparatively and has been used widely to investigate the process of bioaccumulation. Kidneys also play a vital role in excretion of trace metal ions [27] . Exchange of gases and absorption of heavy metals takes place from external aquatic to internal body environment through gills [27] .
River Benue in Vinikilang, Adamawa State, received a wide variety of waste from agricultural activity within the Vinikilang area. The river is one of the main fish supply sources for this area. Most farmers within the Vinikilang area of Benue State use fertilizers and synthetic chemical pesticides to control pests on vegetables including a number of highly persistent organochlorine and organophosphurus pesticides. Pesticides are extensively used in agricultural production to check or control pests, diseases weeds and other plant pathogens in an effort to reduce or eliminate yield losses and preserve high product quality. Lack of knowledge of the use and the effects of these pesticides and other agrochemicals among small and large scale farmers within this area of study has resulted in their misuse and consequently the waste generated flows into river Benue and may contaminate the river with a variety of heavy metals acting as point sources. Such contaminations might accumulation in the various organs of fishes; and such accumulation may affect humans and other species that depend on such fish as food. So the need for this study.
Materials and Methods

Sampling Area and Sample Collection
Sampling was from the River Benue in Vinikilang Area of Adamawa State, Nigeria. Fish samples (Tilapia zilli, Clarias anguillaris, Synodentis budgetti and Oreochronmis niloticus, were caught using gill nets from River Benue in Vinikilang Adamawa State, Nigeria; Fish samples of uniform size were collected in order to avoid the possible error due to size differences. The fish were labelled with an identification number. Samples of fishes were transported to the laboratory on the same day for Identified and dissection to remove the bone, liver, stomach, gill, flesh and kidney of each species of fish by an expert in the department of fisheries, University of Maiduguri, Nigeria.
Digestion of Fish Samples for Heavy Metal Determination
The bone, liver, stomach, gill, flesh and kidney of each fish samples (8.0 g) were dried at 105˚C until they reach a constant weight. Each dried sample was ground, using porcelain mortar and a pestle. The ground fish tissues were transferred to a porcelain basin and put into a Thermicon P muffle furnace at a temperature of 550˚C for 4 hrs. Samples were digested with tri-acid mixture (HNO 3 : HClO4·H 2 SO 4 = 10:4:1) at a rate of 5 mL/per 0.5 g of sample and were placed on a hot plate at 100˚C temperature. Digestion was continued until the liquor becomes clear. All the digested liquors were filtered through Whatmann 541 filter paper and diluted to 25 mL with distilled water of the element in the sample solution times 20 as additional factor in µg/g dry weight. Determination of Cu, Zn, Co, Mn, Fe, Cr, Cd As, Ni and Pb were made directly on each final solution using PerkinElmer AAnalyst 300 Atomic Absorption Spectroscopy (AAS).
Calibration Solution
Standard solution of each sample Cu, Zn, Co, Mn, Fe, Cr, Cd, Ni and Pb were prepared according to Sc 2000 manufacturer procedure for Atomic absorption spectroscopy to be used. A known 1000 mg/l concentration of the metal solution was prepared from their salts.
Data Analysis
Data collected were subjected to one-way analysis of variance (ANOVA), and were used to assess whether samples varied significantly between species, possibilities less than 0.05 (p < 0.05) were be considered statisticcally significant. , 1991) . The microenvironment of the gill surface consists of an epithelial membrane which primarily contains phospholipids covered by a mucous layer [28] . According to [29] the gill surface is negatively charged and thus provides a potential site for gill-metal interaction for positively charged metal. The gill of synodentis budgetti tends to accumulate the highest concentrations of all the metals, while Oreochronmis nilolitus showed the least concentrations. Laboratory experiments have indicated that in fishes which take up heavy metals from water, the gills generally show higher concentration than in the digestive tract. On the other hand, fish accumulating heavy metals from food show elevated metal levels in the digestive tract as compared to the gills [17, 30] . The gills of all the fish tend to accumulate significant high levels of heavy metal than other tissues.
The comparison of heavy metals in liver tissues among the four species of fish is presented in Figure 6 . Fe levels ranged from 4.55 to 9.23 µg/g; 0.26 to 1.78 µg/g Zn; 0. the stomach of Tilapia zilli, while Clarias angullaris shows more of Cr, Pb, Cd and Co. The liver plays an important role in accumulation and detoxification of heavy metals [31] . Exposure of fish to elevated levels of heavy metals induces the synthesis of metallothioneine proteins (MT), which are metal binding proteins [32, 33] . Fishes are known to posses the metallothioneine proteins [34] . Metallothioneine proteins have high affinities for heavy metals and in doing so, concentrate and regulate these metals in the liver [35] . Metallothioneine proteins bind and detoxify the metal ion [35] . In the present study liver of synodentis budgetti accumulated more concentrations of the metals when compared to other metals. The liver tissue came second in terms of metals tissue accumulation after gills. Figure 7 shows the comparison of heavy metals in stomach tissues among the four species of fish. Fe levels ranged from 1.51 to 6.44 µg/g; 0.14 to 1.56 µg/g Zn; 0.15 to 0.25 µg/g Mn; 0.23 to 0.66 µg/g Cr; 0.12 to 0.21 µg/g Cu; 0.24 to 0.55 µg/g Cd; 0.21 to 0.34 µg/g Pb; 0.17 to 0.56 µg/g Ni; 0.22 to 0.48 µg/g Co. The stomach of Synodentis budgetti accumulate significant higher levels of Fe than other species; Zn was highest in the stomach of Tilapia zilli, while Clarias angullaris shows more of Mn, Cr, Cu, Cd and Pb. µg/g Ni; 0.12 to 0.33 µg/g Co. The bone of Synodentis budgetti accumulates significant higher levels of Mn and Cd than other species; Zn and Fe were highest in the bone of Tilapia zilli, while Clarias angullaris shows more of Cr, Pb, Ni, and Co. The differences in metal accumulations could probably due to differences in feeding or metal sequestering habits between the fishes.
Comparison of Heavy Metals in Fish Samples with Standard Values
The concentration of Fe ranged from 0.68 to 12.65 µg/g. The highest concentration of 12.65 µg/g was recorded in gill of Synodentis budgetti, while the lowest value of 0.68 µg/g was recorded in the flesh of Oreochronmis niloticus.
Fe is an essential element in human diet. It forms part of haemoglobin, which allows oxygen to be carried from the lungs to the tissues. Severe Fe deficiency causes anaemia in humans. The highest concentration observed in the present study was below the high residue concentrations of Fe (34 -107 ppm) in fish samples on MNW Refuge [36] . Manganese was detected in the entire samples studied. The lowest concentration of 0.88 µg/g was observed in the flesh of Oreochronmis niloticus, while the highest concentration of 3.45 µg/g Mn was detected in gill of Tilapia zilli. Mn is an essential element for both animals and plants. Deficiencies of Mn result in severe skeletal and reproductive abnormalities in mammals. It is widely distributed throughout the body with little variation and does not accumulate with age [37] . The concentrations of Mn in all the fish samples exceeded the [38] limit of 0.01 ppm, thus pose a threat to the fishes with time.
Copper is an essential part of several enzymes and it is necessary for the synthesis of haemoglobin. Cu toxicity in fish is taken up directly from the water via gills, the present study showed the similar accumulation of copper in the gills [39] . The concentration of Cu in the fish samples was highest (0.39 µg/g) in the gills of Tilapia zilli, while the lowest level of 0.06 µg/g was detected in the flesh of Oreochronmis niloticus. However, the highest value of 0.39 µg/g was below the FAO guideline of 30 µg/g. Thus the concentrations of Cu in the fish samples analysed were all below the FAO recommended guideline [40] .
Zinc is an essential trace metal for both retarded growth, loss of taste and hypogonadism, leading to decreased fertility [37] . Zn toxicity is rare, but at concentrations in water up to 40 mg/kg, may induce toxicity, characterized by symptoms of irritability, muscular stiffness and pain, loss of appetite, and nausea [41] . The highest concentration of Zn (3.45 µg/g) was seen in the gill of Tilapia zilli, while the lowest value of 0.06 µg/g was measured in the flesh of Clarias angullaris. The FAO maximum guideline for Zn is 30 µg/g [40] . Thus, the concentrations of Zn in the fish samples were within the FAO guideline.
The major source of Ni for humans is food and uptake from natural sources, as well as food processing [42] . Increased incidence of cancer of the lung and nasal cavity caused by high intake of Ni has been also been reported in workers in Ni smelters. The highest concentration of Ni (0.95 µg/g) was measured in the gill of Oreochronmis niloticus, while the lowest detectable level of 0.11 µg/g was detected in the flesh of Clarias angullaris. The estimated maximum guideline [43] for Ni is 70 -80 µg/g. Thus the concentrations of Ni in all the samples were far below the stipulated limit.
The lowest concentration of Cd, (0.11 µg/g) was detected in the flesh of Clarias angullaris, while the highest concentration of 1.03 µg/g was observed in the flesh of Synodentis budgetti. The source of Cd in humans is through food consumption. Severe toxic symptoms resulting from Cd ingestion are reported between 10 to 326 mg [37] . Fatal ingestions of Cd, producing shock and acute renal failure, occur from ingestions exceeding 350 mg/g [44] . The concentrations of Cd in all the fish samples, however, fell below the NCBP concentration of 2.1 μg/g threshold considered harmful to fish and predators [45, 46] .
Lead is classified as one of the most toxic heavy metals. The biological effects of sublethel concentrations of lead include delayed embryonic development, suppressed reproduction and inhalation of growth, increased mucous formation, neurological problems, enzyme inhalation and kidney disfunction [47] . The lowest concentration of 0.04 µg/g was observed in the flesh of Synodentis budgetti, while the highest concentration of 0.61 µg/g was detected in the gill of Oreochronmis niloticus. The highest concentration, 0.61 µg/g measured in the Oreochronmis niloticus was however within [40] guideline of 0.6 µg/g. All the other samples had Co concentrations below 0.61 µg/g detection limit.
The deficiency of Cr results in impaired growth and disturbances in glucose, lipid and protein metabolism [48] . Cr is an essential trace metal and the biologically usable form of Cr plays an essential role in glucose metabolism. The lowest detectable concentration of 0.05 µg/g was measured in the flesh of Synodentis budgetti, while the highest concentration of 0.93 was observed in the gill of Clarias angullaris. The maximum guideline of 12 -13 µg/g stipulated by [49] was however, higher than the concentrations of Cr measured in all the fish samples, hence the samples are safe for human consumption.
Conclusion
Based on the result of this study, the levels of metals bioaccumulated in tissues of Tilapia zilli, Clarias anguillaris, Synodentis budgetti and Oreochronmis niloticus did not exceeds the permissible limits set for heavy metals by FAO, FEPA and WHO). The highest levels of all the metals in the present study were observed in gills and liver of the four fish samples, while flesh shows the lowest value. Therefore these fishes in this area of study did not pose any threat to human upon their consumption.
